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Summary

* Industry Participation

— NERC GMD TF 1
— NERC GMD TF 2

* Internal Program
— Working Group
— Monitoring
— Modeling
— Mitigation
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ATC’s Industry Participation

NERC GMD TF- February, 2011 though February 2012

— Task force met four times in 2011
— Conference calls:

= Preparation for NERC GMD Assessment Report
= Review of Report

* NERC Interim Assessment February 2012 Findings
= \oltage Collapse for Severe Storm
= Need to Make progress in the following areas:
= QOperational Procedures
= Monitoring
= Modeling
= Mitigation
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NERC GMD TF 2

— Reformed in August 2012

1. Four teams
« Analyzing the System
« Transformers and Equipment
« Storm modeling

» Operating Practices

2. Face to face meetings in February and July 2013
 Team Reports
 Industry experience
« Team Strategies
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ATC'’s Internal Program—Working Group

Formed in March 2012

Purpose to implement recommendations of NERC GMD Report

— ATC Working Group

Charter
Executive sponsorship

Cross functional team
— Planning, Asset Management, System Protection, Transformer SME, Operations, Regulatory
Meets regularly

Attends related webinars

Representation on NERC GMD TF2
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ATC'’s Internal Program--Monitoring

« GIC Monitoring — measure the issue
— 22 current monitors installed at this time

« GIC Effects
— Even Harmonics Measurement (an indication of transformer
saturation from DC current bias)
— MVAR Loading for indication of transformer saturation
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Monitoring—Circuit Model

Geo -magnetically Induced Current Example

In this standard transmission line setup GICs flow from the earth into the grounded neutral of a three
phase wye connected transformer, where it divides evenly in each phase of the transformer. The
GIC then proceeds into transmission lines and flows to other transformers, returning from them to
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Earth surface potential is a function of
PUME2000 storm intensity and earth conductivity. 101262000
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GIC Monitoring

O ATC Doubled GIC Monitor Platform
to 22 in 2012
O ATC In-house Design
» Standard Parts
= Hall Effect CT
= Signal Processing
= Power supply
= Circuit proving
» Custom Design and testing
» DC current only
» Feeds EMS
O Industry Offerings Now Available
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GIC Monitor Installation

CT box with
N-G feed
through
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Monitoring GIC

Circuit Actual Example
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Monitoring—Saturation of Transformer

Effect of DC on Transformer Cores

DC Shift

/
e

Time

1\

Geomagnetic Disturbances and Impacts upon Power System Operation 167

Transtormer reactive demand

(MVars)

Reactive demand

50
75

GIC transformer neutral (A)

FIGURE 16,4 The exciting current drawn by half-cycle saturation conditions shown in Fig. 163 produces a
reactive power loss in the transformer as shown in the top plot. This reactive loss varies with GIC flow as shown
This was measured from field tests of a three-phase bank of single- phase 500/ 230 kV transformers. Also shown in the
bottom curve is measured reactive demand v, GIC from a 230/115 kV three-phase three-legged core-form
ransformer. Transformer core design is 4 significant factor in estimating GIC reactive power impact.
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Monitoring the Effects of GIC on Transformers

« 1st— 5% Harmonics and neutral current using the existing transformer differential relays
« Use “Even” Harmonics to determine transformer partial saturation
» Use transformer magnetizing (excitation) MVAR load for indication of full saturation

North Madison XF T21 GIC Monitoring

HIGH SIDE LOW SIDE

W R
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Monitoring EMS and Alarms

« 2"d Harmonics to indicate initial saturation

« Excitation current to indicate advanced saturation

« Calculated estimate of MVAR consumed in the transformer
« 20 minute history for trending

 Existing bus voltage

o 46 of 62 transformers will have harmonics measurements
using SEL relays
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ATC Operational Procedure (Real-time)

« Preemptive measures

« Add Capacitive VARS at substation when 2"d harmonics
are present or Transformer Excitation MVAR Load

« Monitor bus voltage for exact amount of capacitance to
add

* Switch out reactors In the area

« Unload saturated transformers (that exhibit “Even”
harmonics and/or MVAR load

* Notify Maintenance if you have a saturated transformer
(next day for follow-up testing)
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Mitigation—Transformer Neutral Blocking

Device

ATC is purchasing and
installing one neutral
blocking device in
2013
Proof of Concept
» Assess impact
of device
Assess efficacy
of device

ABB FSK I+
27 kv AC
Breaker

ABHE DC
Disconnect

0.001
Chm
Shunt

Cine Chm 50 kW
Resistor

(223 amps
continuous )

AEB
S600 kWar 2.4 KV AC

[ Capacitor bank

2650 micro-farads
One ohm reactance

ABBE
cT

P Y
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Blocking Consideration—Series Winding
Through Flow

345kV Line

| )|

Delta
Due to
Neutral
Blocking
Device
26.82

— — 15.48 on 345 kV when
GIC is not blocked >
Negligible flow 14.05 /
0.13

. . 0.11 - .
Without Neutral Blocking 011 With Neutral Blocking
0.06
0.06

Lower voltage 0.05

transformers in red 0.05
0.04

0.02
0.01
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Modeling GIC

GIC Flows in Easteﬁn Interconnect for a 16
Uniform 2.5 V/Mile, North-South Field
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« Latitude and ground resistivity are critical in the actual GIC current
« Latitude and Northern WI/UP high resistivity rock are only a rough estimate in the model
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Modeling—Power World GIC Study

Summary GIC table for ATC auto-transformers and member GSUs
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Modeling—Soil Conductivity Discontinuities
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Mitigation--ATC’s World View

We are a “Transmission Only” utility

* Modeling must be a cooperative regional effort
— Account for neighbors system
— Coordinate responses with neighbors
— Similar to NERC ERAG MMWG

« Mitigation must be done cooperatively
— Impacts on Generators in our system
— Impacts on other systems
— Regional approach needed
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Conclusions

* We are moving ahead with the 3Ms of GIC
— Measurement
« 22 GIC monitors installed and displayed to Operators
« Add Harmonics capability for 44 transformers in 2013
— Modeling
— Mitigation

* We need to continuously implement and learn
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Questions

Dave Wojtczak

Team Leader - Substation Services
(262) 506-6823
dwojtczak@atcllc.com
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